IN THE CLAIMS: 

1 . (Amended) A quantum optical measurement apparatus for determining an optical 
characteristic of an optical element comprising: 

an entangled photon source in optical conraiunication with the optical element to be 
measured, said entangled photon source generating a plurality of photon pairs (twinons), each of 
said twinons comprising a first twin photon and a second twin photon, said first twin photon 
being correlated to said second twin photon in at least one of time, wavelength and polarization; 

a first beamsplitter element in optical communication with said optical element to be 
measured, said beamsplitter element providing a first optical path and a second optical path for 
said twinons; 

a second beamsplitter element, along said first optical path, in optical communication 
with said first beamsplitter element, said second beamsplitter element providing a first optical 
branch and a second optical branch for said twinons; 

a variable optical delay element simultaneously i n optical communication with both the 
first and second optical branches, wherein there is an additional predetermined fixed delay 
between the first and second optical branches, wherein also said variable optical delay element is 
controlled by an extemal signal; 

a pluraHty of first detectors in optical conmiunication with said second beamspUtter 
element, each of said first detectors adapted to receive photons in one of said optical branches; 
and 

a second detector in optical communication with said first beamsplitter element along 
said second optical path, 

wherein each of said plurality of first detectors and said second detector is preceded by an optical 
polarizer, each of said polarizers being oriented at 45 degrees to the polarization axes of said 
twinons. 

2. (Amended) The quantum optical measurement apparatus of claim 1 fiirther comprising 
[a] an electronic processing unit in communication with said plurality of first detectors and said 
second detector. 

3. The quantum optical measurement apparatus of claim 2 wherein said processing unit is 
adapted to identify coincident photon detections in said second detector, said coincident 



detections being photon detections in said second detector that occur within a pre-determined 
time window before or after a photon detection in one of said plurality of first detectors. 

4. (Amended) The quantum optical measurement apparatus of claim 3 wherein said 
[processor] processing unit is adapted to generate a rate of coincidence detections for each of 
said plurality of first detectors. 

5. (Amended) The quantum optical measurement apparatus of claim 4 wherein said 
[processor] processing unit is further adapted to adjust the delay of the variable optical delay 
element in accordance with a predetermined program. 

6. (Amended) The [processor] processing unit of claim 5 wherein the predetermined 
program includes the steps of identifying the delay of the variable optical delay element for 
which the rate of coincident detections is substantially equal for all of said plurality of first 
detectors. 

7. (Amended) The [processor] processing unit of claim 6 wherein the predetermined 
program fiuther includes the step of adjusting the delay of the variable optical delay element to 
maintain the substantially equal rate of coincident detections for all of said plurality of first 
detectors. 

8. (Amended) A quantum optical apparatus for compensating an optical characteristic of an 
optical element comprising: 

a beam multiplexer in optical communication with an entrance aperture of said optical 
element, said beam multiplexer comprising a first input aperture, a second input aperture, and an 
output aperture; 

an entangled photon source in optical communication with said first input aperture, said 
entangled photon source generating a plurality of photon pairs (twinons), each of said twinons 
comprising a first twin photon and a second twin photon, said first twin photon being correlated 
to said second twin photon in at least one of time, wavelength and polarization; 

a beam divider in optical communication with an output aperture of said optical element, 
said beam divider comprising an input aperture, a first output aperture and a second output 



aperture, said first output aperture defining a twinon optical path and said second output aperture 

defining a signal output path; 

said twinon optical path further comprising: 

a first beamspUtter element, located in said twinon optical path, said beamspUtter 
element in optical conraixmication with said first output aperture of said beam divider, 
said beamsplitter element providing a reference optical path and a variable delay optical 
path for said twinons; 

a second beamsplitter element, along said variable delay optical path, in optical 
communication with said first beamsplitter element, said second beamsplitter element 
providing a first optical branch and a second optical branch for said twinons; 

a variable optical delay element simultaneously i n optical communication with 
both the first and second optical branches, wherein there is an additional predetermined 
fixed delay between the first and second optical branches, wherein said variable optical 
delay element is controlled by an external signal; 

a plurality of first detectors in optical communication with said variable delay 
element, each of said first detectors adapted to receive photons in one of said optical 
branches after the variable optical delay element; and 

a second detector in optical communication with said first beamsplitter element 
along said [second] reference optical path; 

wherein each of said plurality of first detectors and said second detector is preceded by an 

optical polarizer, each of said polarizers being oriented at 45 degrees to the polarization 

axes of said twinons, and 
said signal optical path further comprising: 

a second variable optical delay element, the delay of said second variable optical delay 
element being controlled by an extemal signal; 

wherein an optical [communications] communication signal input to the second input aperture of 
said beam [combiner] multiplexer propagates through said optical element and through said 
second variable optical delay element. 

9. The quantum optical apparatus of claim 8 wherein said processing unit is adapted to 
identify coincident photon detections in said second detector, said coincident detections being 



photon detections in said second detector that occur within a pre-determined time window before 
or after a photon detection in one of said plurality of first detectors. 

10. The quantum optical apparatus of claim 9 wherein said processor is adapted to generate a 
rate of coincidence detections for each of said plurality of first detectors. 

1 1 . The quantum optical apparatus of claim 9 wherein said processor is fiirther adapted to 
adjust the delay of said first and said second variable optical delay elements with control signals, 
in accordance with a predetermined program. 

12. The electronic processor of claim 1 1 wherein the predetermined program includes the 

steps of identifying the delay of the variable optical delay module for which the rate of 
coincident detections is substantially equal for all of said plurality of first detectors. 

13. The electronic processor of claim 12 wherein the predetermined program fiirther includes 
the step of adjusting the delay of said first variable optical delay module to maintain the 
substantially equal rate of coincident detections for all of said plurahty of first detectors. 

14. The electronic processor of claim 12 wherein the predetermined program fiirther includes 
the step of adjusting the delay of said second variable optical delay module to counteract the 
identified delay. 

15. The quantum optical apparatus of claim 8 wherein said second variable optical delay 
element and said first variable optical delay element are mechanically connected and controlled 
thereby by a single control signal. 

16. The quantum optical apparatus of claim 8 wherein said second variable optical delay 
element and said first variable optical delay element are embodied in a single variable optical 
delay element. 

17. The variable optical delay element of claim 16 comprising a first optical path, a second 
optical path and a third optical path wherein the delay in the three optical paths have a 
predetermined relationship, said relationship being preferably linear. 



18. (Amended) A quantum optical measurement method for detemiining an optical 
characteristic of an optical element comprising the steps of: 

a first step of transmitting a twinon beam through said optical element; 

a second step of dividing the twinon beam exiting said optical element into a 
reference arm and a variable arm, said second step fixrther including dividing said 
variable arm into a first branches and a second branch, wherein said reference arm and 
said variable arm are arms of a Quantum Interference Device; 

a third step comprising applying a variable polarization- or wavelength-specific 
delay to said two branches of the variable arm, wherein the two branches also have a 
fixed delay offset between them; 

a fourth step of measuring the coincident photon detection (CD) rate between 
said reference arm and said variable arm, wherein the variable delay is adjusted until the 
[coincident detection] CD rate between said two branches of the variable arm and the 
reference arm are equal and significantly higher or lower than the CD rate for 
uncorrelated twinons; and 

a fifth step whereby [the] CD rates are monitored, said step further including 
adjusting the variable delay to maintain equal CD rates for the twinons in the two 
branches of the reference arm. 

19. (Amended) A quantum optical compensation method for correcting the effect an optical 
characteristic of an optical element on an optical communications signal comprising the steps of: 

a first step of transmitting a multiplexed twinon beam and an optical 
communications signal through said optical element; 

a second step of demultiplexing said communications signal and said twinon 
beam, said second step further comprising dividing the twinon beam exiting said optical 
element into a reference arm and a variable arm, said second step further including 
dividing said variable arm into a first branches and a second branch, wherein said 
reference arm and said variable arm are arms of a Quantum Interference Device; 

a third step comprising applying a variable polarization- or wavelength-specific 
delay to said two branches of the variable arm, wherein the two branches also have a 
fixed delay offset between them; 



a fourth step of measuring the coincident photon detection (CD) rate between said 



reference arm and said variable arm, wherein the variable delay is adjusted until the 
coincident detection rate between said two branches of the variable arm and the reference 
arm are equal and significantly higher or lower than the CD rate for uncorrelated twinons; 

a fifth step of applying a variable optical delay to said optical communications 
signal, wherein the value of said delay is determined from the delay measured in said 
twinon beam; and 

a sixth step whereby [the] CD rates are monitored, said step further including 
adjusting the variable delay to maintain equal CD rates for the twinons in the two 
branches of the reference arm and correspondingly adjusting the variable delay [in] 
a pplied to the optical communications signal [beam VDE being correspondingly 
adjusted]. 

REMARKS 

This paper is filed in response to the Office Action dated November 17, 2004. Claims 1-19 
are currently pending in this application. Claims 1, 2, 4, 5, 6, 7, 8, 18, and 19 have been 
amended to correct informalities. Claims 1 and 8 have also been amended to clarify a syntactic 
confusion pointed out in the examiner's objection. Claims 18 and 19 have also been amended to 
clarify the acronym "CD". A sentence in Claim 19 has also been amended to give its two phrases 
parallel structures, thereby eliminating an informality pointed out by the examiner's objection. 
Claims 3, 9-17 where objected to as being dependent on the now amended claims. 

An updated CROSS-REFERENCE TO RELATED APPLICATION is provided to correct an 
informality in the specification and a new ABSTRACT is provided to conform with proper 
language and format. No new matter is added. 

All claim informalities have been corrected with these amendments in accordance with the 
examiner's objections with the exception of Objection 2 (Claim 1) and Objection 9 (Claim 19). 

Objection 2 suggested that "said polarizers" should be changed to "said polarizer ". The 
initial, plural, wording is correct; however, as the examiner has pointed out, the syntactical 
construct used might lead to misinterpretation of the intended claim. I have therefore reworded 
the sentence to avoid such confusion. 

The phrase in question reads: 

"...wherein each of said plurality of first detectors and said second detector is 
preceded by an optical polarizer, said polarizers being oriented at 45 degrees to 
the polarization axes of said twinons." 

That is to say, each detector in the system is preceded by its own polarizer and all of those 
polarizers are set at 45 degrees. As written, the combination of the word "each" (which is 
singular) and the plural "polarizers" should be adequate to express my intent not to limit my 



invention to having one (larger) polarizer for all the detectors (while optically equivalent this one 
polarizer configuration is not a necessary limitation for my invention). By analogy, if the phrase 
were about men with hats - "each of the men in the chorus and the male soloist wore a derby hat, 
said hats having red and white stripes" - there would be no confusion, since many men cannot 
wear one hat. However, in order to avoid future confusion I have amended that phase in Claim 1 
to read: 

"...wherein each of said plurality of first detectors and said second detector is 
preceded by an optical polarizer, each of said polarizers being oriented at 45 
degrees to the polarization axes of said twinons." 

where the additional "each of make it clear that the plural "polarizers" is not a typographical 
error but instead indicates that there is a polarizing element for every detector. One of skill in the 
optics art will naturally recognize that using different sections of one physical polarizer is 
equivalent to having multiple smaller polarizers. 

Claim 8, which also contained the same phrase, has been amended identically. 

Examiner's Objection 9 relates to Claim 19, which contained another phrase that was subject 
to confusion as the result of an informality. The phrase in question originally read: 

"said step further including adjusting the variable delay to maintain equal CD 
rates for the twinons in the two branches of the reference arm and the delay in the 
signal beam VDE being correspondingly adjusted." 

I have rephrased this claim to read: 

"said step further including adjusting the variable delay to maintain equal CD 
rates for the twinons in the two branches of the reference arm and 
correspondingly adi usting the variable delay [in] a pplied to the optical 
communications signal [beam VDE being correspondingly adjusted]." 

where the new, parallel structure of the phrase make clear the intent of adjusting the delay 
applied to the optical communications signal in accordance with the delay applied to the twinon 



beams. 



Applicant believes Claims 1-19 are now in proper condition for allowance. 
The amended ABSTRACT is attached hereto as a separate page. 



Respectfully submitted. 





Applicant 



